The predicted amino acid sequence of OmpT, an Escherichia coli outer membrane protease, was found to be highly homologous to that predicted for the pgtE gene product of Salmonella typhimurium. In this paper, it is shown that pgtE codes for a protein functionally homologous to OmpT as judged by its ability to proteolyze T7 RNA polymerase and to localize in the outer membrane of E. coli.
Escherichia coli possesses over one dozen proteolytic enzymes (13, 14, 17) . Some of these proteases have known roles in protein export (1, 19) or protein turnover (5, 13) ; however, the biological functions for many remain to be elucidated. Recently, it has been shown that bacteriophage T7 RNA polymerase is very sensitive to proteolysis in cell extracts (2, 18) . Subsequent genetic studies demonstrated that the product of the ompT gene, which encodes an outer membrane-associated protease, was the major source of this proteolytic activity (7).
The nucleotide sequence of ompT and the N-terminal sequence of the mature OmpT protein have been determined (8) . These data indicate that OmpT is synthesized as a 317-amino-acid proprotein. During export to the outer membrane, a 20-amino-acid signal sequence is removed.
The affinity of OmpT for a benzamidine matrix (9, 15) , together with its inhibitor profile and specificity for cleaving after lysine or arginine residues (7; 18), suggests functional homology with other microbial and pancreatic serine proteases. A highly conserved feature between these two classes of proteases is conservation of sequence surrounding the catalytic histidine and serine residues (Thr-Ala-Gly-His-Cys and Gly-Asp-&r-Gly-Gly) (3) . None of the 3 histidine residues or the 25 serine residues in OmpT is flanked by a sequence that has strong homology with catalytic residues in other serine proteases. Searching current sequence data banks also failed to demonstrate any convincing regions of homology with any other known proteases. However, this search did reveal extensive homology between OmpT and one other protein, the E protein specified by the pgtE gene of Salmonella typhimurium (20) .
The predicted amino acid sequences of the entire OmpT and pgtE open reading frames were aligned to exhibit the best homology possible and are shown in Fig. 1 (10, 20) . As a positive control, BL21 was independently transformed with a plasmid, pML19, encoding functional OmpT (4, 6 ). Whole cells were tested for their ability to cleave T7 RNA polymerase as described previously (7). Briefly, washed cells were mixed with the polymerase and, after a short incubation period, the cells were pelleted by centrifugation. The supernatants were then analyzed by electrophoresis on sodium dodecyl sulfate-polyacrylamide gels to determine whether the T7 RNA polymerase had been cleaved.
Transformants were grown overnight at 37°C as standing cultures in 2.5 ml of a complex medium containing 1% tryptone, 0.5% yeast extract, 0.5% NaCl, and 0.4% glucose, to which was added ampicillin at a final concentration of 40 ,ug/ml (2). Duplicate 1-ml portions of each culture were centrifuged for 2 min in a Fischer microcentrifuge, and the cell pellets were washed in 1 ml of 10 mM Tris hydrochloride (pH 8.0), recentrifuged, and then suspended in 100 RI of 50 mM Tris hydrochloride (pH 8.1)-20 mM NaCl. The samples were adjusted if needed to have equal A6.s. In addition, we tested whole-cell lysates in case the E protein could not localize in the outer membrane. One sample from each culture was mixed with 10 RI of lysozyme (1 mg/ml) in 100 mM trisodium EDTA. After 30 min on ice, the samples were frozen and thawed three times to complete lysis.
BL21 whole-cell lysates and intact BL21 cells did not cleave added T7 RNA polymerase (Fig. 2) ; however, BL21 cells transformed with either pJH556 or pML19 could cleave T7 RNA polymerase. Interestingly, intact BL21(pJH556) cells could cleave T7 RNA polymerase. These observations suggest that the pgtE gene product is analogous to the OmpT protease in both catalytic activity and ability to localize in the cell outer membrane.
To learn more about the localization of the pgtE gene product in E. coli, we separated the whole-cell extracts into cytoplasmic and detergent-solubilized inner and outer membrane fractions (12) . As It is generally accepted that most proteins destined to be exported from the cytoplasm are synthesized as precursors with signal sequences. Such signals usually have one or more positively charged amino acids near their amino terminus, a hydrophobic middle segment, and a conserved P3, P-1 amino acid sequence found immediately preceding the signal peptidase processing site (11) . In E. coli, most cleavable signal sequences are about 15 to 20 residues long.
Although the N-terminal signal sequence of OmpT is fairly typical for an E. coli outer membrane protein, the N-terminal portion of the E protein is somewhat atypical for a protein that can associate with the E. coli outer membrane. However, as the alignment in Fig. 1 shows, residues 25 to 40 of the E protein are homologous to the middle and C-terminal parts of the OmpT signal sequence. Whether this region serves as a processing site in either E. coli or S. typhimurium remains to be established.
As shown here, the pgtE gene codes for a protease with extensive sequence homology to OmpT, a serine protease located in the outer membrane of E. coli. Presumably, E protein also has a catalytically important serine residue. Of the 25 serine residues in the mature OmpT protein, only 3 are located in regions in which the two proteins are extremely homologous (indicated by boldface type in Fig. 1 ). These amino acids are being used as starting points for site-directed mutagenesis experiments aimed at identifying the catalytically active serine residue.
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